ABSTRACT Background: The relation between carbohydrate intake and risk of ischemic heart disease (IHD) has not been fully explored in Asian populations known to have high-carbohydrate diets. Objective: We assessed whether intakes of total carbohydrates, different types of carbohydrates, and their food sources were associated with IHD mortality in a Chinese population. Design: We prospectively examined the association of carbohydrate intake and IHD mortality in 53,469 participants in the Singapore Chinese Health Study with an average follow-up of 15 y. Diet was assessed by using a semiquantitative food-frequency questionnaire. HRs and 95% CIs were calculated by using a Cox proportional hazards analysis. Results: We documented 1660 IHD deaths during 804,433 personyears of follow-up. Total carbohydrate intake was not associated with IHD mortality risk [men: HR per 5% of energy, 0.97 (95% CI: 0.92, 1.03); women: 1.06 (95% CI: 0.99, 1.14)]. When types of carbohydrates were analyzed individually, starch intake was associated with higher risk [men: 1.03 (95% CI: 0.99, 1.08); women: 1.08, (95% CI: 1.02, 1.14)] and fiber intake with lower risk of IHD mortality [men: 0.94 (95% CI: 0.82, 1.08); women: 0.71 (95% CI: 0.60, 0.84)] with stronger associations in women than men (both P-interaction , 0.01). In substitution analyses, the replacement of one daily serving of rice with one daily serving of noodles was associated with higher risk (difference in HR: 26.11%; 95% CI: 10.98%, 43.30%). In contrast, replacing one daily serving of rice with one of vegetables (223.81%; 95% CI: 233.12%, 213.20%), fruit (211.94%; 95% CI: 217.49%, 26.00%), or whole wheat bread (219.46%; 95% CI: 234.28%, 21.29%) was associated with lower risk of IHD death. Conclusions: In this Asian population with high carbohydrate intake, the total amount of carbohydrates consumed was not substantially associated with IHD mortality. In contrast, the shifting of food sources of carbohydrates toward a higher consumption of fruit, vegetables, and whole grains was associated with lower risk of IHD death.
INTRODUCTION
The rising prevalence of type 2 diabetes and cardiovascular diseases (CVDs) 5 in Asia and the projected public health and economic consequences have made identifying and addressing modifiable risk factors a priority (1) . Carbohydrate intakes are typically higher in Asian (2, 3) than Western (3) populations and understanding their impact on ischemic heart disease (IHD) risk may have considerable implications for prevention efforts. Current evidence on the impact of total carbohydrate intake on IHD has primarily come from studies in Western populations and has been equivocal. Metabolic study results have suggested that the isoenergetic replacement of carbohydrates with unsaturated fats or proteins can reduce insulin resistance (4) and blood pressure (5) and improve plasma lipoprotein profiles (5, 6) . However, associations between long-term carbohydrate intake on IHD (7) (8) (9) and CVD (8, (10) (11) (12) (13) (14) (15) in prospective cohort studies have been inconsistent.
Some of these discrepancies in findings with regards to total carbohydrate intake and cardiovascular health may have been related to the type of carbohydrates consumed or food sources of carbohydrates. On ingestion, intake of carbohydrates from foods with a high glycemic index (GI) cause rapid surges in blood glucose and has been associated with higher CVD risk (9, 16, 17) , whereas carbohydrates from low-GI food sources (GI #57) was not associated with IHD risk (9) . A high dietary glycemic load (reflecting both the amount of carbohydrates and dietary GI) has also been associated with higher CVD risk in several studies (16, 17) . Similarly, refined food sources of carbohydrates with higher GI such as sugar-sweetened beverages and refined-grain cereals have been related to higher risk of type 2 diabetes and IHD in some studies (18, 19) , whereas the consumption of wholegrain foods has been associated with lower risk of these diseases (20) . Whole-grain foods are important sources of various phytochemicals such as dietary fiber, magnesium, tocotrienols, and lignans that can potentially improve cardiovascular health (21) . Therefore, refined carbohydrate-rich foods may increase risk of cardiometabolic disease directly by straining the glucosehomeostatic system or indirectly by displacing the consumption of whole-grain foods that may exert protective effects (18, 19, 21) .
The contribution of refined high-carbohydrate foods to CVD risk is possibly magnified in Asian populations, who derive a large proportion of their energy from refined grains (2) and may experience exacerbated glycemic responses to such foods than do persons of European ancestry (22) . White rice, which is one of the main sources of carbohydrates in a traditional Asian diet, has been associated with higher risk of type 2 diabetes in both Western and Asian populations (23) . However, few studies have investigated the associations of different carbohydrate sources with CVD risk in the context of an Asian population, and these studies have yielded discrepant results (24) (25) (26) . Therefore, we examined the association of total carbohydrate intake, types of carbohydrates, and food sources of carbohydrates with IHD mortality risk in a large cohort of Chinese in Singapore.
SUBJECTS AND METHODS

Study population
The Singapore Chinese Health Study cohort was established to assess the role of lifestyle and dietary factors on risk of cancer and other chronic diseases in Chinese adults in Singapore. From 1993 to 1998, Singapore citizens or permanent residents aged between 45-74 y who were residing at public housing estates (where w86% of the Singaporean population lived at the time of recruitment) were interviewed during home visits by using a structured questionnaire that elicited information on height, weight, education, medical history, and lifestyle behaviors including diet, tobacco use, alcohol intake, physical activity, and sleep duration. This cohort comprises 63,257 participants of Chinese ethnicity restricted to the 2 major dialect groups, the Cantonese and the Hokkiens, who originated from the contiguous provinces of Fujian and Guangdong, respectively, in the southern part of China. Details on the study design have been previously published (27) . The study has been approved by the institutional review boards of the National University of Singapore and the University of Pittsburgh.
Dietary assessment
Habitual dietary intake over the past 1 y was assessed by using an interview-administered 165-item semiquantitative foodfrequency questionnaire (FFQ) at the time of study enrollment. Information on the usual frequency of consumption for each food item was collected by using 8 categories that ranged from never to $2 times/d (never or hardly ever, 1 or 2-3 times/mo, 1, 2-3, or 4-6 times/wk, and 1 or $2 times/d). Information on the usual serving size (generally 3 options) was also obtained. Servingsize options were either number based for foods that could be readily counted such as bread (#1, 2, or $3 slices) or based on colored photographs of food items on same-sized plates with portions representing the 15th, 50th, and 85th percentiles of the portion size. Intakes of 15 types of fruit were captured by the FFQ, and total daily fruit consumption was calculated as the sum of the servings of all fruit. The FFQ assessed intake of 34 types of fresh vegetables including tomatoes, yellow-orange, cruciferous, and green vegetables, and vegetable juices. For the purposes of our analyses, we excluded the consumption of potatoes and preserved vegetables from the total vegetable consumption. Rice intake was assessed by using 8 line items that included plain rice or porridge, flavored porridges, fried rice, coconut rice dishes, curry rice dishes, chicken rice, and other types of flavored rice. Noodle intake was assessed on the basis of 5 line items and included fried vegetarian noodles, other fried noodles, noodles with a soupy base, noodles with gravy, and dry noodles.
Nutrient intakes for each participant were computed from the Singapore Food Composition database (28) . The FFQ has subsequently been compared with a series of 24-h dietary recall interviews collected from 1022 randomly chosen cohort subjects (425 men and 597 women) (28) . Correlation coefficients between 24-h diet recalls and the FFQ for Cantonese and Hokkiens were as follows: carbohydrate intake (percentage of energy), 0.43 and 0.51 for men and 0.48 and 0.46 for women; and fiber intake (energy-adjusted residuals), 0.72 and 0.66 for men and 0.67 and 0.65 for women (28) . Comparable correlations for carbohydratebased foods have been reported in other Asian cohorts (26, 29) . The difference in mean nutrient intake measured by the FFQ and 24-h recall for most nutrients including carbohydrates and fiber was ,10%, which suggested good coverage of carbohydratecontaining foods by the FFQ (28) .
Covariate assessment
Data on other covariates including cigarette smoking, alcohol consumption, sleep duration, education level, medical history (physician-diagnosed hypertension, diabetes, heart attack or angina, and cancer), physical activity, reproductive history (only women), and height and weight were also collected by using interview-administered questionnaires. If either height (n = 295; 0.47% of participants) or weight (n = 10,280; 16.3% of participants) data were missing, values were estimated by using linear regression on the nonmissing variable. If both height and weight data were missing (n = 196; 0.31% of participants), the sexspecific median value of height was used, and weight was imputed by using linear regression on height. BMI (in kg/m 2 ) was computed as weight divided by the square of height. Alcohol intake was computed on the basis of the consumption of beer, rice wine, other wines, and hard liquor. Physical activity was assessed by asking participants the amount of time they spent per week on strenuous activities such as jogging, tennis, or moving heavy furniture and on moderate activities such as brisk walking or tai chi over the past year. Sleep duration was assessed by asking participants about the average number of hours slept per day including naps with options that ranged from #5 to $10 h/d. For women, reproductive history including information on menstrual status was also obtained.
IHD mortality assessment
The cohort is followed up for mortality through regular record linkage with the population-based Singapore Registry of Births and Deaths. For the current analysis, all deaths including the specific cause of death and date of death up to 31 December 2011 were used. IHD death was defined according to the International Classification of Diseases, 9th Revision, codes 410.0-414.9 that were recorded as the primary cause of death in death certificates. As of 31 December 2011, only 47 cohort subjects were lost to follow-up, mainly because of their emigration out of Singapore. Thus, the identification of deaths in Singapore Chinese Health Study participants was virtually complete.
Statistical analyses
We excluded participants who had a previous self-reported history of cancer (n = 864), heart attack or angina (n = 2598), stroke (n = 947), or diabetes (n = 5696). We also excluded participants who had extreme daily energy intakes [,700 or .3700 kcal/d for men (n = 476) and ,600 and .3000 kcal/d for women (n = 584); .3 SDs from the mean]. The number of participants excluded from each category was not exclusive. Therefore, the current analyses were based on data from 53,469 participants.
For each participant, we computed the follow-up time in the study from the date of interview at enrollment to the date of death, date of last contact, or 31 December 2011, whichever came first. Carbohydrate, starch, and monosaccharide and disaccharide intakes were expressed as a percentage of total energy intake. With the exception of bread consumption, which was not substantially associated with energy intake, all other dietary variables were adjusted for energy intake by using the residual method (30) . We computed sex-specific quintiles for dietary intakes. Distributions of demographic, lifestyle, and dietary characteristics in study participants were compared across different quintiles of carbohydrate intake for men and women, separately. Pairwise Spearman's correlation coefficients were calculated to assess the correlation between total and types of carbohydrates as well as between these carbohydrates and major food sources. The Cox proportional hazards regression was used to compute HRs and 95% CIs of risk of IHD death for different carbohydrate intakes related to the lowest quintile. We tested for a trend by modeling dependent variables such as total carbohydrate as continuous variables in a Cox proportional hazards regression.
We fitted 3 models with different sets of covariates to adjust for potential confounding effects. Besides the primary variable of interest, the basic model included age at recruitment (y), dialect group (Hokkien or Cantonese), year of interview, and energy intake (kcal/d). In our second model, we further adjusted for lifestyle factors including cigarette smoking (never smoker, ex-smoker, current smoker ,13 cigarettes/d, and current-smoker $13 cigarettes/d), alcohol intake (never drinkers, ,5 g/d, and $5 g/d), physical activity (0 h/wk moderate and strenuous activity, ,4 h/wk of moderate and ,2 h/wk of strenuous activity, and $4 h/wk of moderate or $2 h/wk of strenuous activity), sleep duration (5, 6, 7, 8 , and $9 h/d), education (none, primary, secondary, and above), BMI (,18.5, 18.5 to ,23, 23 to ,25, 25 to ,27.5, 27.5 to ,30, and $30), history of hypertension (yes or no), and use of hormone-replacement therapy (HRT) for women (premenopausal, postmenopausal without a history of the use of HRT, and postmenopausal with a history of the use of HRT). In addition to all covariates in models 1 and 2, the final set of models included the following diet-related factors: the ratio of PUFAs to SFAs, cholesterol, and fiber intakes (in quintiles) for the evaluation of associations for carbohydrates, starch, fiber, and monosaccharides and disaccharides. For models that evaluated associations of IHD mortality risk with rice, noodles, fruit, and vegetables, final models included whole-wheat bread intake (0, ,1, and $1 slice/d), white bread intake (0, ,1, and $ 1 slice/d), and quintiles of red meat, fish, soy protein, egg, poultry, nonsoy legume, and polyunsaturated fat-to-saturated fat intake ratio, all of which were modeled as ordinal variables. These covariates were selected because they are potential risk factors for IHD on the basis of previous literature.
Correlations between Schoenfeld's residuals and time were not significant (P $ 0.05) for most models indicating that the proportional hazards assumptions were not violated. Only for rice and starch models were these correlations significant (P = 0.02). However, when we stratified the follow-up time by 10 y, we observed similar associations across strata, which indicated that these deviations did not materially affect the results. We tested for interactions by sex, BMI, (overweight status according to Asian criteria of $23 or ,23 kg/m 2 ), and age (median age: $55 and ,55 y) by including a multiplicative term with sex, BMI, or age as a binary variable and the consumption of carbohydrates and its sources as continuous variables in fully adjusted models. We also evaluated effects of substituting one serving of rice for other foods such as noodles, vegetables, fruit, or whole-wheat breads by using the method described by Bernstein et al (31) . We did this analysis by simultaneously including the consumption of the foods of interest as continuous variables in the multivariate model. We defined one serving as 100 g rice, noodles, or vegetables, 90 g fish, red meat, or poultry. 12.5 g soy protein, 80 g legumes, and 53 g eggs on the basis of the Singapore Health Promotion Board serving-size guide (32) . The exponential of the difference between coefficients was used to estimate the RR of substitution, and the covariance between the 2 food groups was used to derive the SE and 95% CI.
In sensitivity analyses, we excluded people who had an event within the first 5 y of follow-up to account for a potential bias because of preclinical disease at enrollment. We used PASW (SPSS) software (version 19.0; IBM, SPPS Inc), and 2-sided P values ,0.05 were considered statistically significant.
RESULTS
During the 804,433 person-years of follow-up, from 1993 to 2011, we noted 1660 deaths from IHD including 1022 deaths in men (29.93 deaths/10,000 person-years) and 638 deaths in women (13.78 deaths/10,000 person-years). Both men and women who had higher carbohydrate intake were more likely to be older, hypertensive, and alcohol abstainers and have a lower education level ( Table 1 ). In men, higher carbohydrate intake was also associated with smoking, and in women, higher carbohydrate intake was associated with being physically inactive and postmenopausal without a history of HRT use.
Total carbohydrate intake was inversely correlated to intakes of protein, total fat, meat, fish, and soy protein ( Table 2) . Furthermore, total carbohydrate intake was highly correlated with starch and rice intakes, but not with intakes of monosaccharides CARBOHYDRATE INTAKE AND CARDIOVASCULAR MORTALITY and disaccharides or fiber. Fiber intake was directly correlated with intake of monosaccharides and disaccharides, fruit, and vegetables.
Total carbohydrate intake was not significantly associated with IHD mortality in age-adjusted, lifestyle-adjusted, and dietary intake-adjusted models in either men or women ( Table 3) . To examine risk of participants with very high carbohydrate intake, we examined IHD risk across deciles of carbohydrate intake in fully adjusted models. We observed similar RR estimates [men: HR, 0.93 (95% CI: 0.67, 1.30); women: HR, 1.08 (95% CI: 0.71, 1.65)] for the highest (men: 71.73% of energy from carbohydrates; women: 70.77% of energy from carbohydrates) compared with lowest deciles (men: 47.05%; women: 47.40%) of carbohydrate intake. When we examined the association between IHD mortality and types of carbohydrates, we observed differences in associations according to sex. Higher starch intake was significantly associated with higher risk of IHD death in women but not men (P-interaction by sex = 0.005).
Dietary monosaccharides and disaccharides and fiber were inversely associated with IHD mortality in both men and women in age-adjusted models (Table 3) . However, in women, the association between monosaccharides and disaccharides and IHD mortality was substantially weakened after adjustment for dietary fiber. In men, monosaccharide and disaccharide intake remained inversely associated with IHD mortality after adjustment for lifestyle and dietary covariates. For dietary fiber, adjustment for smoking and hypertension weakened the association with IHD mortality risk in men, whereas in women, this association persisted in fully adjusted models (HR: 0.62; 95% CI: 0.46, 0.82; P-trend , 0.01, P-interaction , 0.01). In sensitivity analyses, we observed similar findings when we used insoluble nonstarch polysaccharides or soluble nonstarch polysaccharides (data not shown).
We also evaluated major food sources of carbohydrates and fiber. The 3 main sources of carbohydrates in this population were rice, noodles, and bread, which contributed 40.7%, 8.2% and 7.2%, respectively, to carbohydrate intake. Of primary contributors to dietary fiber intake were fruit and fruit juices (27.6%), vegetables (21.0%), and bread (10.5%). After adjustment for multiple covariates, we observed significantly higher IHD mortality risk with higher noodle consumption in both men and women ( Table 4) . Each daily serving increment in noodle intake was associated with 30% higher risk of IHD mortality in men and 38% higher risk of IHD mortality in women. When we examined the association between different types of noodles (dry, soupy, and fried) and risk of IHD mortality, we observed higher risk with all noodle subtypes including dry noodles [women: HR, 1.92 (95% CI: 1.04, 3.53) per daily serving (18) 933 (20) 1091 (22) 125 (2) 118 (2) 131 (2) Current smoker (1-12 cigarettes/d) 571 (12) 599 (13) 685 (14) 234 (4) 225 (4) 283 (5) Current smoker ($13 cigarettes/d) 1484 (32) 1032 (23) 1049 (21) 111 (2) 119 (2) 129 (2) Dialect group [n (%)] Cantonese 2013 (43) 2062 (45) 2328 (46) 2892 (48) 2896 (47) . Because noodle dishes were an important source of sodium intake for this population and contributed 9.5% to total estimated dietary sodium intake, we conducted sensitivity analyses to examine if the association between noodle consumption and IHD risk might have been mediated by sodium. Results were not materially altered when we adjusted for sodium intake. Noodle consumption was also not substantially associated with the consumption of Western fast foods (men: r = 0.03; women: r = 0.05), and adjustment for these foods did not materially alter results. Rice consumption was not significantly associated with IHD mortality in men but was associated with significantly higher risk of IHD death in age-and lifestyle-adjusted models in women (Table 4) . However, this association in women was attenuated after adjustment for dietary factors such as fruit and vegetable consumption and was not statistically significant in fully adjusted models.
For both women and men, vegetable and fruit consumption was associated with lower risk of IHD death in the fully adjusted model. Each serving increment in vegetable consumption was associated with significant 25% lower IHD mortality risk in women and nonsignificant 12% lower IHD mortality risk in men (P-interaction = 0.02). Each serving increment in fruit consumption was significantly associated with 15% lower IHD mortality risk in women and 8% lower IHD mortality risk in men (P-interaction = 0.02). To better understand associations between monosaccharide and disaccharide intake and IHD mortality, we also examined the association for the following food sources other than fruit: dairy products and sweets (including candy, sugar, and jam). In contrast to fruit consumption, the consumption of dairy [men, HR: 1.00 (95% CI: 0.93, 1.07) per daily serving increment (P-trend = 0.42); women, HR: 1.04 (95% CI: 0.96, 1.12) (P-trend = 0.33)] and consumption of sweets [men, HR: 0.92 (95% CI: 0.42, 2.01) (P-trend = 0.79); women, HR: 0.97 (95% CI: 0.32, 2.99) (P-trend = 0.95)] were not substantially associated with risk of IHD death.
We also examined possible effect modifications by age and BMI for the association between dietary intakes and IHD mortality (see supplemental Table 1 under "Supplemental data" in the online issue ). We observed a significant interaction of age with fiber, vegetables, and fruit in relation to IHD risk in men (all P-interaction # 0.04). In younger men, fiber [HR: 0.58 (95% CI 0.34, 0.98) for highest compared with lowest quintiles; P-trend 0.05], vegetables [HR: 0.52 (95% CI: 0.29, 0.92); P-trend = 0.11], and fruit [HR: 0.58 (95% CI 0.34, 0.98); Ptrend = 0.02] were associated with lower IHD risk similar to associations observed in women. In contrast, fiber, vegetables, and fruit intakes were not substantially associated with IHD risk in older men. We also observed an effect modification by BMI for rice and noodle consumption, with stronger direct associations observed between noodles and IHD risk in leaner women and between rice and IHD risk in overweight women (all P-interaction # 0.02).
Because real-life food choices often involve the selection of one type of food over another, we modeled effects of food 
1 Only correlations with an absolute r $ 0.15 are shown for the purpose of simplicity. All displayed correlations were significant at P # 0.05. Spearman's correlations were computed by using energy-adjusted variables.
2 P:S; ratio of PUFA to SFA. 3 Correlations were obtained by using partial correlations with adjustment for total energy intake.
TABLE 3
HRs (95% CIs) of ischemic heart disease mortality across quintiles of carbohydrates, starch, monosaccharides and disaccharides, and dietary fiber (Figure 1, B and C) . Because the energy provided by one serving of fruit is lower than that provided by one serving of rice or noodles, we conducted a sensitivity analyses in which we calculated risk estimates by using isocaloric servings of rice and fruit (with the assumption that one serving of rice was 100 kcal, and one serving of fruit was 50 kcal 
DISCUSSION
In this large cohort of Chinese men and women with a mean follow-up of 15 y, we observed no association between total carbohydrate intake and mortality from IHD despite the substantial variation in intakes with nearly 70% of energy derived from carbohydrates for participants in the highest quintile compared with 50% of energy derived from carbohydrates for participants in the bottom quintile. In contrast, fiber intake was associated with lower risk of IHD death, particularly in women. When we examined food sources of carbohydrates, we observed that noodle consumption was associated with higher risk and fruit and vegetable consumption with lower risk of IHD death.
Results for rice consumption in relation to IHD mortality in our study were complex. High rice consumption was associated with higher risk of IHD death in women after adjustment for nondietary covariates. However, this association largely disappeared after adjustment for other foods. In this study population, in which rice is a major part of the diet, it may be difficult to disentangle effects of high rice consumption per se from effects of foods typically consumed along with rice in mixed dishes that are typical of the Chinese diet in Singapore (28) . The substitution analysis provided consistent results for men and women that indicated that the replacement of rice with noodles was associated with higher risk of IHD death, whereas the replacement of rice with fruit, vegetables, or whole-wheat bread was associated with lower risk of IHD death.
Our findings of a lack of association between total carbohydrate intake and IHD mortality were consistent with evidence from studies in Europe and United States in which carbohydrate intake was not associated with risk of CVD (7, 11) or cardiovascular mortality (10, 12) . In contrast, Italian women who were in the highest quartile of carbohydrate intake had 2-fold higher risk of IHD than that of women in the lowest quartile (9), whereas for men, these associations were not significant. The type of carbohydrate appeared to be an important factor because this association was only observed with carbohydrate consumption from high-GI foods (GI .57) such as bread, sugar, pizza, and rice (9) . Data were analyzed by using Cox proportional hazards regression. P-interactions by sex in fully adjusted models were as follows: carbohydrates, 0.066; starch, 0.005; fiber, 0.001; and monosaccharides and disaccharides, 0.106.
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Dietary fiber was modeled as 5 g/1000 kcal.
3
Adjusted for age, year of interview, father's dialect, and total energy intake. 4 Additional adjustment for cigarette smoking, alcohol consumption, physical activity, sleep duration, education level, BMI, history of hypertension, and, for women only, menopausal status and hormonereplacement therapy use.
5
Multivariable model with additional adjustment for dietary cholesterol, ratio of polyunsaturated-to-saturated fat, and fiber intake. Persons with negative values for monosaccharide and disaccharide consumption were given a consumption value of 0 (n = 22).
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TABLE 4
HRs (95% CIs) of ischemic heart disease mortality across quintiles of major food sources of carbohydrate and fiber Additional adjustment for diet Data were analyzed by using Cox proportional hazards regression. P-interactions by sex in fully adjusted models were as follows: rice, 0.018; noodles, 0.709; vegetables, 0.017; fruit, 0.019; white bread, 0.954; and whole-wheat bread, 0.085.
2
Adjusted for age, year of interview, father's dialect, and total energy intake.
3
Additional adjustment for cigarette smoking, alcohol consumption, physical activity, sleep duration, education level, BMI, history of hypertension, and, for women only, menopausal status and hormonereplacement therapy use.
4
Multivariable model with additional adjustment for the ratio of polyunsaturated-to-saturated fat and consumption of rice, noodles, vegetables, fruit, fish, red meat, poultry, eggs, legumes, soy protein, white bread, and whole-wheat bread.
CARBOHYDRATE INTAKE AND CARDIOVASCULAR MORTALITY
We observed an association between high starch intake and higher IHD mortality in women but not men. These results may reflect detrimental metabolic effects of a high-glycemic load diet, which have been associated with higher risk of IHD events in women (16, 17) . However, starch intake in our population was correlated with the consumption of a variety of foods that may affect risk of IHD. Although we adjusted for several relevant dietary factors, we could not fully distinguish between physiologic effects of starch and other aspects of dietary patterns associated with high starch intakes that may have differed for men and women.
High rice consumption has been associated with cardiovascular risk factors such as insulin resistance (33) , lower HDL cholesterol (33), higher fasting triglycerides (33) , and higher risk of type 2 diabetes (23). However, in a Japanese study, high rice intake was associated with lower risk of IHD death in men although this result was not observed in women (26) . Because of the high rice consumption and large contrasts in consumption within that study, a key issue is what other foods rice displaced.
It is unlikely that the association between noodle consumption and higher risk of IHD in our study was solely the result of the carbohydrate composition of noodles because rice was a moreimportant contributor to starch (57%) and carbohydrate (41%) intakes than were noodles (11% and 8%, respectively). In Singapore, noodle-dishes are often prepared with lard or palm oil and tend to contain high amounts of salt, which may contribute to higher IHD risk. Indeed, the composition of many of these dishes with regard to saturated fat, cholesterol, fiber, and sodium contents is comparable to Western fast foods (see supplemental Table 2 under "Supplemental data" in the online issue). Data on health effects of noodle consumption are limited. In Korean studies, dietary patterns characterized by high noodle consumption were associated with lower fiber intake, a higher plasma cholesterol concentration, and a higher waist circumference (34, 35) . In contrast, noodle consumption was not associated with type 2 diabetes risk in a Japanese cohort, which may have been related to differences in the composition of noodle dishes (eg, whole-grain buckwheat noodles in Japan) (29) .
Our findings of inverse associations of dietary fiber and its primary food sources (ie, fruit and vegetables) with IHD risk were consistent with those observed in cohorts in Western countries (36, 37) and Japan (38) (39) (40) . For example, in a meta-analysis of prospective studies from the Unites States and Finland, each portion increment was associated with 7% lower IHD risk for fruit consumption and 11% lower IHD risk for vegetable consumption (41) . We observed similar estimates for men and stronger associations for women. Dietary fiber can potentially reduce IHD risk through multiple mechanisms including an improved plasma lipoprotein profile, decreased insulin resistance, and reduced blood pressure (42, 43) . Apart from dietary fiber, fruit and vegetables have other compounds such as vitamins, minerals, such as potassium, and phenolic compounds that may exert beneficial effects on the cardiovascular system (42) .
Intakes of monosaccharides and disaccharides in our cohort were highly correlated with fruit consumption, and this result may largely explain the inverse association of monosaccharides and disaccharides and IHD mortality. Intakes of other sources of monosaccharides and disaccharides such as dairy, jam, sugars, and candy were much lower and not substantially associated with IHD mortality in our study.
Although we observed some differences in the association between carbohydrate sources and IHD risk by age and BMI status, these differences were inconsistent and may have been chance findings. Therefore, additional studies are required to confirm the observed interactions.
Strengths of this study included its prospective design, large size, long follow-up period, and detailed information on dietary exposures and potential confounders obtained by in-person interviews at enrollment. The prospective study design with a minimal loss to follow-up reduced the likelihood of a recall bias or bias that was attributable to a loss to follow-up. Our results were not materially altered after the exclusion of the first 5 y follow-up, which suggested a limited bias because of undiagnosed IHD at baseline. However, our findings have to be interpreted within the context of limitations that are common to many nutritional epidemiologic studies. Because of the observational nature of the study, we could not exclude the possibility that residual confounding from unmeasured or imperfectly measured potential confounders contributed to observed associations. Adjustment for multiple confounders may be considered a subjective exercise; however, we also present results from simpler models to aid in the transparency and interpretation of our findings. It is inevitable that studied dietary factors would have been measured with some error. Because of the prospective design, this measurement error was likely to be nondifferential with respect to death status and would have weakened rather than FIGURE 1. Estimated percentage change in risk of ischemic heart disease mortality associated with the substitution of one serving of rice for one serving of other commonly consumed foods. Data are shown for all participants (A; n = 53,469), men (B; n = 23,501), and women (C; n = 29,968). Data were analyzed by using Cox proportional hazard regression, and substitution effects were estimated by using a published method (31) . strengthened observed associations. A modest agreement between dietary estimates as measured by the FFQ and 24-h food recalls in our study is a well-recognized challenge in nutrition research, and the agreement in our study was similar to estimates from other Western and Asian studies (26, 29, 44) . In addition to limitations of the FFQ, a modest agreement with the reference instrument may have been partly attributed to differences in the time period assessed by using these 2 methods (45) and the measurement error that affected the reference instrument (46) . Dietary intakes were recorded only at baseline. Thus, changes in dietary intakes during the study may have led to a nondifferential misclassification, which could have potentially underestimated the diet-risk association. Results from cohort studies with repeated dietary assessments have suggested that accounting for dietary changes over time improves precision but does not substantially alter the nature of the association with risk of IHD (47) . Although we separately asked about whole-wheat and white breads, we did not distinguish between whole-grain and refined types of rice and noodles in our dietary questionnaire because, until recently, the consumption of brown rice and whole-grain noodles was not common in Singapore. We also did not have accurate data on dietary sodium intake and, therefore, were unable to examine with confidence whether observed associations were partly mediated by sodium. Because of these limitations, replications of these findings in other Asian populations are important.
In conclusion, taken together, these findings suggest that diets high in carbohydrates are associated with neither lower nor higher risk of IHD mortality in Chinese adults. However, our results support recommendations to replace refined rice and noodles with fiber-rich foods such as fruit, vegetables, and wholegrain products. Data on noodle consumption and CVD has been sparse, and our observation that the consumption of noodle dishes is associated with higher risk of IHD death warrants more attention for the nutritional quality of these dishes in Asian populations. More broadly, our findings on noodles and the poor nutritional composition of commonly consumed noodle dishes in Singapore highlight that, in addition to Western fast foods (48) , unhealthy versions of popular local foods may contribute to higher IHD risk in Asian populations. Our study suggests that emphasizing diets high in fruit, vegetables, and whole grains and improving the nutritional quality of noodle-based dishes may contribute to lowering IHD mortality in Chinese populations.
